Phthalates are frequently used in personal care products and plasticizers and phthalate exposure is ubiquitous in the US population. Exposure to phthalates during critical periods in utero has been associated with a variety of adverse health outcomes but the biological mechanisms linking these exposures with disease are not well characterized. In this study, we examined the relationship of in utero phthalate exposure with repetitive element DNA methylation, an epigenetic marker of genome instability, in children from the longitudinal birth cohort CHAMACOS. Methylation of Alu and long interspersed nucleotide elements (LINE-1) was determined using pyrosequencing of bisulfite-treated DNA isolated from whole blood samples collected from newborns and 9 year old children (n¼ 355). Concentrations of eleven phthalate metabolites were measured in urine collected from pregnant mothers at 13 and 26 weeks gestation. We found a consistent inverse association between prenatal concentrations of monoethyl phthalate, the most frequently detected urinary metabolite, with cord blood methylation of Alu repeats (β(95%CI): À 0.14 ( À 0.28,0.00) and À 0.16 ( À 0.31, À 0.02)) for early and late pregnancy, respectively, and a similar but weaker association with LINE-1 methylation. Additionally, increases in urinary concentrations of di-(2-ethylhexyl) phthalate metabolites during late pregnancy were associated with lower levels of methylation of Alu repeats in 9 year old blood (significant p-values ranged from 0.003 to 0.03). Our findings suggest that prenatal exposure to some phthalates may influence differences in repetitive element methylation, highlighting epigenetics as a plausible biological mechanism through which phthalates may affect health.
Introduction
Phthalates, diesters of phthalic acid, are used in a variety of common household products leading to near ubiquitous exposure in the U.S. population (Silva et al., 2004; Woodruff et al., 2011) . For instance, many scented personal care items contain phthalates as additives; phthalates are also present in plastic products ranging from medical tubing and food packaging to vinyl flooring and children's toys (CDC, 2009) . Phthalates leach easily into the environment; humans are exposed to phthalates mainly through ingestion, inhalation, and dermal contact (Gaspar et al., 2014) . Di-(2-ethylhexyl) phthalate (DEHP), a plasticizer, is one of the most widely used phthalates (Heudorf et al., 2007) . The phthalate metabolite with the highest urinary concentrations in humans, monoethyl phthalate (MEP), is a metabolite of diethyl phthalate (DEP), a fragrance solvent found in personal care products like shampoos and cosmetics (Silva et al., 2004) .
Phthalate exposure in humans has been associated with a number of adverse health outcomes, including asthma, inflammation, poorer birth outcomes, child growth, and sperm quality (Cai et al., 2015; Ferguson et al., 2015; Smarr et al., 2015; Teitelbaum et al., 2012; Whyatt et al., 2014) . Several studies have identified adverse effects particularly in response to phthalate exposure during pregnancy (Kim et al., 2011; Valvi et al., 2015a; Whyatt et al., 2014) , suggesting that the in utero period may be a critical window of vulnerability.
Epigenetic changes have emerged as a potential biologic mechanism through which in utero exposures can lead to adverse health outcomes later in life. Epigenetic marks, including DNA methylation, non-coding RNA, and histone modifications, influence changes in gene expression without changes in DNA sequence. In particular, DNA methylation of repetitive elements, Alu, and long interspersed nucleotide elements (LINE-1) have been inversely associated with exposure to a variety of chemicals including lipophilic persistent organic pollutants, perfluoroalkyl acids, and particulate matter (Bellavia et al., 2013; Huen et al., 2014; Watkins et al., 2014b) . Lower levels of methylation of retrotransposable elements like LINE-1 and Alu have been linked to genomic instability that can influence disease etiology (Ayarpadikannan and Kim, 2014; Su et al., 2012) .
Although animal studies have demonstrated consistent effects of phthalates on both global and site-specific methylation (Kang and Lee, 2005; Kostka et al., 2010; Martinez-Arguelles and Papadopoulos, 2015; Pogribny et al., 2008; Wu et al., 2010) , data in human populations are more limited. Prenatal urinary phthalate metabolite concentrations have been associated with methylation of imprinted genes H19 and IGF2 (LaRocca et al., 2014) and LINE-1 repetitive elements (Zhao et al., 2015) in placental tissue. Thus far, no studies have examined the association of maternal phthalate exposure during pregnancy with methylation levels in children. The purpose of the present study is to determine the association of in utero phthalate exposure with methylation of Alu and LINE-1 repetitive elements in fetal and child blood collected from participants of the Center for Health Assessment of Mothers and Children of Salinas (CHAMACOS).
Materials and methods

Study subjects
CHAMACOS is a longitudinal birth cohort study of pregnant Mexican-American women and their children living in the agricultural region of Salinas Valley, California. At the time of enrollment (1999) (2000) , pregnant women participating in this study were at least 18 years of age, less than 20 weeks gestation, Spanish or English speaking, eligible for low-income health insurance, receiving prenatal care at one of the participating community clinics, and planning to deliver at the local public hospital. We enrolled 601 pregnant women and 526 delivered live, singleton newborns (Eskenazi et al., 2003) . DNA methylation was measured in children who had blood samples available for analysis. We analyzed DNA methylation in a total of 355 children (177 girls and 178 boys) at birth and/or age 9 years. Among the 355 children, 134 had methylation data at both time points while 110 children had only cord blood measurements and 111 had methylation measurements only at age 9. Children included in the study did not differ from all children in the cohort by other demographic and exposure variables (e.g. poverty level, marriage status, type of work during pregnancy, alcohol and smoking intake during pregnancy, prenatal exposure to dichlorodiphenyl trichloroethane (DDT), dichlorodiphenyldichloroethylene (DDE), and polybrominated diphenyl ethers (PBDEs)).
Study protocols were approved by the University of California, Berkeley and the Centers for Disease Control and Prevention (CDC) Committees for Protection of Human Subjects. Written informed consent was obtained from all mothers and assent was provided by the children at the 9-year assessment.
Interview
Trained bilingual, bicultural staff members interviewed CHA-MACOS women twice during pregnancy ( $13 weeks and 26 weeks gestation) and collected information on sociodemographics, mother's reproductive and medical history, lifestyle exposures during pregnancy, occupational and residential history, exposures to pesticides and other environmental chemicals, and housing quality.
Phthalate metabolite measurements
Two urine samples were collected from mothers at the time of interview, aliquoted, barcoded and stored at À 80°C at the University of California, Berkeley until samples were shipped on dry ice to CDC for measurement of phthalate metabolites. Prenatal phthalate metabolites concentrations were measured in maternal urinary samples at both time points (13 and 26 weeks gestation) for 334 mothers, at 13 weeks gestation only for 16 mothers and at 26 weeks gestation only for 5 mothers.
Eleven phthalate metabolites were quantified including three low molecular weight (LMW) metabolites (MEP, mono-n-butyl phthalate (MBP), mono-isobutyl phthalate (MiBP)), four high molecular weight (HMW) metabolites of DEHP (mono(2-ethylhexyl) phthalate (MEHP), mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono(2-ethyl-5-carboxypentyl) phthalate (MECPP)), and four additional HMW metabolites of other parent phthalates (monobenzyl phthalate (MBzP), mono(3-carboxypropyl) phthalate (MCPP), monocarboxyoctyl phthalate (MCOP), monocarboxynonyl phthalate (MCNP)). Measurements were performed using solid phase extraction coupled with isotope dilution high-performance liquid chromatography-electrospray ionization-tandem mass spectrometry (Silva et al., 2007) . Quality control procedures included the use of laboratory and field blanks, calibration standards, and controls with high and low concentrations.
Concentrations below the limit of detection (LOD) with no corresponding instrumental signal were imputed from a log-normal distribution using the "fill-in" method described in Lubin et al. (2004) . Summary measurements (e.g. ∑LMW, ∑HMW, and ∑DEHP) were created as described elsewhere (Zota et al., 2014) . Briefly, summary measures were calculated by first dividing concentrations of each metabolite by its molecular weight to generate molar sums, second adding the molar sums for each metabolite in the group, and third multiplying by the average molecular weight of the metabolites in that group to yield measurements expressed in mg/L.
Urinary dilution was accounted for by using either creatinine or specific gravity. Specific gravity was measured with a refractometer (National Instrument Company Inc., Baltimore, MD) while urinary creatinine was determined using a commercially available diagnostic enzyme method (Vitros CREA slides; Ortho Clinical Diagnostics, Raritan, NJ). Phthalate metabolite concentrations (mg/L) were divided by creatinine levels (g/L) to yield creatinine adjusted phthalate metabolite concentrations expressed in mg/g creatinine. Specific gravity adjusted concentrations (mg/L) were produced using the formula: P c ¼P[(1.024-1)]/(SG-1) where P c is the specific gravity adjusted concentration, P is the phthalate concentration (mg/L), 1.024 is the median specific gravity of all samples, and SG is the specific gravity for the specific sample (Meeker et al., 2009) . Phthalate metabolite concentrations adjusted for urinary dilution were used for descriptive analyses and simple correlation calculations. Previous studies have shown that the use of creatinine or specific gravity adjusted phthalate metabolite concentrations in regression models can introduce bias (Barr et al., 2005) . Therefore, in regression models, we used unadjusted phthalate metabolite concentrations and we included maternal creatinine levels as a covariate in the model to adjust for urinary dilution. We chose to report results based on creatinine adjustment for ease of comparison to National Health and Nutrition Examination Survey (NHANES) data (Silva et al., 2004 ) and because a subset of women (n ¼77) were missing SG data. However, creatinine levels are known to change over the course of pregnancy (Adibi et al., 2008) and can be influenced by factors like muscle mass and age (Sauve et al., 2015) , potentially influencing urinary adjustment of phthalate metabolite concentrations. Thus, we also report a sensitivity analysis accounting for SG instead of creatinine.
DNA methylation analyses
Blood specimens from CHAMACOS children were collected from umbilical cords (representing fetal blood) shortly after delivery and by venipuncture when children were 9 years old (mean¼ 9.3 years, SD ¼0.3). Whole blood was collected in BD vacutainers (Becton, Dickinson and Company, Franklin Lakes, NJ) containing no anticoagulant. Following centrifugation of vacutainers, separated components were divided into serum and clot aliquots that were stored at À 80°C. DNA was isolated from clots using a QIAamp Blood DNA Maxi kit (Qiagen, Inc., Santa Clarita, CA) as described previously (Holland et al., 2006) . EpiTect Bisulfite Conversion Kits (Qiagen, Germantown, MD) were used for bisulfite conversion of 500 ng of DNA that was subsequently eluted into 20 μL Elution buffer. We used a non-CpG cytosine residue as an internal control to confirm bisulfite DNA conversion efficiency (99%). Alu and LINE-1 methylation levels were determined using a Pyromark Q96MD System (Qiagen) for pyrosequencing of PCRamplified and bisulfite-treated DNA samples (Royo et al., 2007; Yang et al., 2004) . The previously published method for Alu as described by Yang et al. (2004) reported only 3 CpG sites, however pyrosequencing read lengths have improved and now allow for determination of an additional CpG site. Here, we utilized methylation levels at all 4 CpG sites for subsequent analyses. Pyro Q-CpG Software (Qiagen) was used to calculate repetitive element methylation (%5-mC). All samples were run in triplicate for each time-point/subject.
In order to minimize technical variability, we used several quality assurance procedures such as inclusion of internal standards, repeats, and positive and negative controls. To ensure low batch variability, all sample plates were run on the same day. Furthermore, all plates contained randomized encoded samples from different age groups to avoid experimental bias. The coefficients of variation (CV) for triplicates measures were 5% and 3% for Alu and LINE-1, respectively. The intraplate CV's were in a similar range.
Statistical analyses
We calculated Pearson's correlation coefficient to examine the correlation of methylation between time points (birth versus age 9 years) and also the correlation between Alu and LINE-1 methylation. All urinary phthalate metabolite measurements were log 10 transformed to approximate a normal distribution. To determine the relationship between different phthalate metabolite concentrations, we calculated Pearson's correlation coefficients using creatinine-adjusted log 10 transformed concentrations. Since phthalate metabolite concentrations can vary over time, an intraclass correlation coefficient (ICC) was calculated to determine the temporal variability of measured phthalate metabolite concentrations by subject. The ICC is defined as the ratio of intra-individual variance to total variance (sum of intra-and inter-individual variance). Correlations with absolute values ranging from 0.3 to 0.5 were considered moderate and those with absolute values ranging from 0.5 to 1.0 were considered strong.
We performed mixed effect regression models to determine the relationship of prenatal phthalate exposure with LINE-1 and Alu repeat methylation. Mixed effects models account for the correlated measures of methylation among the 4 adjacent CpG positions and for the triplicate measures at each position per individual, yielding a global estimate for the association of phthalate exposure with DNA methylation and have been utilized in previous studies of repeat element methylation (Byun et al., 2013; Huen et al., 2014 ). The following model was used:
where Y ijk is the methylation level (Alu or LINE-1) for the i-th subject (i ¼ 1,..,.355) at the j-th CpG position (j ¼1,…,4), and the kth replicate (k¼ 1,…,3). X 2 ,…,X n and b 2,…, b n , represent the covariates and their corresponding slopes for various models including variables like phthalate metabolite and creatinine levels. The sum of b 0 and z 0i represents the random intercept for the subject i and the sum of b 1 and z 1ij are the random slope for the i-th subject and the j-th CpG position. e ijk is the residual error term. Separate models were performed for each of the 11 phthalate metabolites and three summary measures (∑LMW, ∑HMW, and ∑DEHP) during early and late pregnancy at each methylation time point, separately (birth and 9 years). Maternal creatinine levels were included as a covariate in the model to adjust for urinary dilution. We also used univariate models to identify other potential covariates associated with Alu or LINE-1 methylation (i.e. maternal age, maternal smoking during pregnancy). Maternal prepregnancy BMI was associated with some phthalate metabolite concentrations and Alu methylation in cord blood and was therefore included as a covariate in cord Alu methylation models. All other variables tested were not significantly associated with both phthalate metabolite concentrations and Alu or LINE-1 methylation and thus were not included in final models.. Sensitivity analyses included: a) adjusting for specific gravity instead of creatinine to account for urinary dilution (specific gravity was included as a covariate in the regression model); b) accounting for cell heterogeneity using differential cell count in a subset of cord blood samples and Houseman estimation by minfi in 9 year olds (Yousefi et al., 2015) ; and c) analyzing phthalate exposure averaged over two prenatal time points (early and late pregnancy). Similar mixed models were also used to assess associations of child sex and age with methylation levels, irrespective of phthalate metabolite concentrations. All statistical analyses were carried out using STATA software, version 12.0 (College Station, TX). P-values less than 0.05 were considered significant and p-values less than 0.10 were reported as marginally significant.
Results
Table 1 describes characteristics of CHAMACOS children and their mothers. The majority of mothers were born in Mexico and more than half had lived in the United States for less than 5 years when their children were born. Most women were young, living within 200% of the poverty level, and very few of them smoked during pregnancy. More than half of the mothers were overweight (BMI: 25-29.9 kg/m 2 ) or obese (BMI Z 30 kg/m 2 ) prior to conception. Very few of the children were born preterm or with low birthweight. However, like their mothers, greater than 50% of the children were overweight or obese by age 9.
Phthalate exposure
The distribution of creatinine-adjusted urinary phthalate metabolite concentrations measured in maternal samples collected at 13 and 26 weeks gestation are shown in Table 2 . Phthalate metabolite concentrations in CHAMACOS mothers were comparable to those of pregnant women from the National Health and Nutrition Examination Survey (Woodruff et al., 2011) . Detection frequencies ranged from 90% for MEHP to 99.7% for MEP, demonstrating a near ubiquitous exposure to phthalates in CHA-MACOS participants. MEP was the metabolite with the highest concentrations at both time points. MEP and MBzP had the highest ICCs suggesting that exposures to their parent compounds DEP and benzylbutyl phthalate, respectively, were relatively stable between the two pregnancy time points but varied more broadly between the two time points for other phthalates. Most phthalate metabolites were at least moderately correlated with each other (Supplemental Table 1 ). Among LMW metabolites, MBP and MiBP were more strongly correlated with each other (r ¼0.53, p o0.005) than with MEP. DEHP metabolites were all highly correlated with each other (r's from 0.72 to 0.95; p o0.005 for all six pairwise correlations). The non-DEHP HMW metabolites were moderately correlated with each other (r's from 0.35 to 0.60) except for MCNP and MCOP, which were more strongly correlated (r ¼ 0.70, p o0.005).
DNA methylation
The distribution of Alu and LINE-1 methylation in cord and 9-year old blood collected from CHAMACOS boys and girls are shown in Table 3 . Alu and LINE-1 methylation were slightly higher in boys compared to girls (Huen et al., 2014) . This difference reached statistical significance for LINE-1 at both time points (p ¼0.02 and o0.0005 for cord and 9 year blood, respectively) and was marginally significant for Alu methylation in cord blood only (p ¼0.07). Mean Alu and LINE-1 methylation were slightly lower in 9-year old blood compared to cord blood but this trend was no longer significant after adjusting for cell composition. As was previously reported (Huen et al., 2014) , Alu and LINE-1 methylation were not correlated with each other at either time point. Likewise, methylation in cord blood was not correlated with methylation in 9-year old blood for either repetitive element (Huen et al., 2014) .
Phthalates and DNA methylation
For exposure during early pregnancy, we observed a consistent trend of lower cord blood methylation (both Alu and LINE-1) with increases in phthalate metabolite concentrations (Table 4) but only a few of these associations reached statistical significance. The strongest association was between the LMW metabolite MEP and Alu methylation (β(95%CI): À 0.14 (À 0.28, À 0.00)) and a similar negative though non-significant trend was seen with LINE-1 methylation (β(95%CI): À0.23 ( À 0.53,0.06)). The significant association of the LMW sum with Alu methylation is most likely driven by the relationship with MEP. The other two LMW metabolites, MBP and MiBP, were also negatively associated with LINE-1 methylation in cord blood. In contrast to what was observed for cord blood methylation, phthalate metabolite concentrations of MEP were positively associated with LINE-1 methylation in 9 year old blood (β(95%CI): 0.59 (0.24,0.94); Fig. 1 ). We did not observe any other significant associations of phthalate metabolite concentrations during early pregnancy with Alu or LINE-1 methylation in 9-year old children.
During late pregnancy, the inverse association between MEP and LMW sum with Alu methylation in cord blood persisted (Fig. 1) as did the weaker association with LINE-1 methylation in cord blood (Table 5) . No other significant associations of phthalate metabolite concentrations during late pregnancy with repeat element methylation in cord blood were found. In blood from 9 year olds, we identified a significant inverse association between concentrations of the LMW metabolite MiBP during late pregnancy and Alu methylation (β(95%CI): À 0.24 ( À 0.41, À 0.07)), but interestingly saw no association with MEP concentrations. We also found a consistent inverse relationship between DEHP metabolites and Alu methylation in 9-year old blood with a particularly strong association for MEHHP and also with MEOHP, which is formed from MEHHP. In contrast, LMW and DEHP metabolites were not significantly associated with LINE-1 methylation in 9-year old blood. However two HMW metabolites, MCOP and MCNP, were positively associated with LINE-1 methylation in 9-year old children.
Sensitivity analyses
Results remained unchanged when adjusting for specific gravity in comparison to models adjusting for creatinine. Likewise, models controlling for white blood cell proportions were very similar to crude models that did not account for blood cell counts, suggesting that cell heterogeneity was not a significant source of bias in these models. When we averaged phthalate metabolite concentrations over early and late pregnancy (pregnancy average model; Supplemental Table 2), the inverse relationship between MEP and Alu methylation in cord blood, which was observed in both models of early and late pregnancy phthalate exposure, remained significant. However, the strong inverse association of DEHP metabolites with 9-year Alu methylation identified in the late pregnancy analysis did not persist in the pregnancy average models, suggesting that late pregnancy may be a more sensitive period of exposure to DEHP.
Discussion
In this study, we examined the association of prenatal phthalate exposure during early and late pregnancy with repetitive element methylation of blood collected from CHAMACOS children at birth and age 9. We identified a consistent inverse association of MEP (at both pregnancy time points), the most frequently detected metabolite, with methylation of Alu repeats in cord blood. A similar but weaker association was also observed with LINE-1 methylation. Additionally, increases in urinary concentration of DEHP metabolites during late pregnancy were associated with lower levels of methylation of Alu repeats in 9-year old blood.
To our knowledge, only one other study has reported a relationship between phthalate exposure during pregnancy and repetitive element methylation. Zhao et al. (2015) reported an inverse association between exposure to DEHP during late pregnancy and LINE-1 methylation in placental samples. While we did not find the same association between urinary concentrations of DEHP metabolites with LINE-1 methylation in our study of cord and 9-year old blood samples, we did observe a significant association of the same metabolites with Alu methylation in 9-year old's blood. Furthermore, both studies demonstrate inverse associations of several phthalate metabolites with methylation of repetitive elements during early development and childhood.
In this study, associations of prenatal phthalate metabolite concentrations observed with methylation of repeat elements varied between Alu and LINE-1 elements. This is consistent with other studies which have reported that the two measures have differential susceptibility to environmental exposures (Baccarelli et al., 2009; Pavanello et al., 2009; Tarantini et al., 2009; Wright et al., 2010) . Additionally, they are not correlated with each other (Gao et al., 2012; Hou et al., 2010) . Instead, LINE-1 and Alu methylation likely represent distinct measures of methylation in different parts of the methylome (Alexeeff et al., 2013; Price et al., 2012) .
Several other environmental exposures have also been associated with lower levels of methylation of Alu and/or LINE-1 elements (Miao et al., 2014; Rusiecki et al., 2008; Wright et al., 2010) . This inverse relationship between methylation of retrotransposable elements with environmental exposures may be biologically relevant. Among the 500,000 LINE-1 and 1.4 million Alu repeats, their methylation represents up to 50% of the global genomic methylation. Their high rates of methylation are likely responsible for the suppression of their transposition activity and thus lower levels of methylation of Alu and LINE-1 may lead to genomic instability (Xiao-Jie et al., 2015) . Lower levels of methylation of LINE-1 and Alu elements has been associated with several cancers (Barchitta et al., 2014; Li et al., 2014; Salas et al., 2014) as well as some phthalate-related health outcomes such as obesity and sperm quality (Perng et al., 2013; Tian et al., 2014) . However, it remains unclear how differences in DNA methylation of repetitive elements associated with prenatal phthalate exposures lead to health effects.
The most consistent association identified was between MEP urinary concentrations and Alu methylation in cord blood. MEP devolves from DEP, a compound commonly used in personal care products. Notably, Alu methylation in cord blood was significantly related to MEP concentrations at both pregnancy time points and also their average. This may be due to the relatively low temporal variability of MEP urinary concentrations, which, as seen in other studies (Valvi et al., 2015b) , were moderately correlated between early and late pregnancy (ICC ¼0.42). Interestingly, this effect on methylation did not persist at age 9 years. Perhaps by late childhood post-natal exposures may be more influential on methylation since children's phthalate exposures change as they get older (Sathyanarayana et al., 2008; Watkins et al., 2014a) . Additionally, other studies have also reported associations of in utero DEP exposure with methylation. LaRocca et al. (2014) found that MEP concentrations during early pregnancy were associated with placental methylation of the maternally imprinted gene IGF2.
The inverse association between urinary concentrations of DEHP metabolites and Alu methylation in 9-year olds blood was only observed during late pregnancy. The temporal variability of DEHP metabolite concentrations between the two pregnancy time points (ICCs from 0.05 to 0.07) was much higher in comparison to MEP, which has also been reported in other studies (Braun et al., 2012; Ferguson et al., 2014) . These results suggest that late pregnancy may be a critical window of exposure for DEHP in relation to Alu methylation. In utero DEHP exposure has also been associated with differences in LINE-1 methylation in human placenta as well as adult rats but similar studies with Alu methylation have not been reported (Martinez-Arguelles and Papadopoulos, 2015; Zhao et al., 2015) .
The primary strength of this study involves the prospective design allowing us to examine associations of exposures during two time points in pregnancy with differences in methylation in Table 4 Differences in repeat element methylation associated with a 10-fold increase in prenatal phthalate metabolite concentration during early pregnancy (13 weeks gestation, 1999-2000) .
Cord (n ¼239)
9 yr (n ¼243) All models adjusted for creatinine as a covariate in the model. The cord Alu model also controlled for maternal pre pregnancy BMI. All phthalate concentrations were log 10 transformed and low non detects were imputed. LMW -low molecular weight. HMW -high molecular weight. newborns and children. This study also has some limitations. First, methylation levels measured were made in blood, which can be biased by cell heterogeneity. However, in our study, results remained relatively unchanged when we accounted for white blood cell proportions in sensitivity analyses. Second, this study was limited to CHAMACOS participants, who were primarily MexicanAmerican children from low-income families. In the future, it will be important to confirm findings in other cohorts to demonstrate generalizability to other populations. In summary, we identified several significant associations between exposure to both low and high molecular weight phthalates with methylation in CHAMACOS newborns and 9 year olds. These findings highlight a potential biological mechanism (DNA methylation) linking exposure to phthalates during pregnancy with later life health effects. Additional studies are needed to confirm findings and to further explore whether changes in methylation mediate effects of prenatal exposure on adverse health outcomes.
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